We update the Standard-Model predictions for several quantities related to B s −B s and B d −B d mixing. The mass and width differences in the B s system read ∆M 
Introduction
On May 14, 2010, the DØ collaboration has reported evidence for an anomalous like-sign dimuon charge asymmetry A SL in the decays of neutral B mesons [1] . The presented result corresponds to a data set composed of B 
The index SL refers to the use of semileptonic decays in the measurement. The DØ result A DØ SL = −0.00957 ± 0.00251 ± 0.00146 deviates from the Standard-Model (SM) prediction of Ref. [2] , A SL = −0.23
+0.05
−0.06 · 10 −3 , with a statistical significance of 3.2 standard deviations and the central value is off by a factor of 42. With the direct and indirect knowledge on a d fs from B factory data (which still leaves room for sizeable new physics contributions) any theoretical explanation of the DØ measurement necessarily requires large new physics contributions to the B s −B s mixing amplitude. This contribution must be similar in magnitude to the SM contribution while having a very different phase.
B q − B q mixing is described by two hermitian 2 × 2 matrices, the mass matrix M q and the decay matrix Γ q . By diagonalising M q − iΓ q /2 one determines the mass eigenstates |B 
with the CP-violating phase
For pedagogical introductions to B q − B q mixing see Refs. [3] . In the SM the CP phases are small, [5] , the contributions of order α s (m b ) have been calculated in Ref. [6] and were confirmed in Ref. [7] . The theory prediction of Γ d 12 to NLO in α s and 1/m b has been obtained in Refs. [7, 8] . In Ref. [2] these NLO results for Γ In the ratio |Γ | hadronic uncertainties cancel to a large extent. In the
In the absence of new physics we can identify ∆M 
Here also τ (B d ) = 1/Γ d = (1.525 ± 0.009) ps has been used. In the presence of new physics Eq. (4) changes to
Different central values in Eqs. (4) and (5) 
The three largest sources of uncertainty stem from the matrix element of the operator R 2 which occurs at order 1/m b , the decay constant f Bs and the choice of the renormalisation scale (estimating higher-order corrections in α s ). Adding the errors in quadrature yields
The uncertainty of the theory prediction has reduced from 41% in 2006 to 24% in 2010 because of an impressive progress in the lattice calculations of f Bs B Bs = 212 ± 14 MeV (average from [4] using [13] ). The corresponding value used in Ref. [2] was f Bs B Bs = 221 ± 46 MeV. The central value has decreased due to the smaller f Bs B Bs and slightly smaller values of m b , V cb and α s . Eq. (8) implies
Here Γ s = Γ d has been used, deviations from this relation are discussed in the next section. If one assumes that there is no new physics in the mixing amplitude, one can determine ∆Γ SM s /Γ s in a more precise way:
The CP phases read
The CP asymmetries in flavour-specific decays read
In Eqs. (11) and (12) 1), while LHCb will measure the difference of these asymmetries. The corresponding StandardModel predictions read
The central values in Eqs. (3)- (14) correspond to a renormalisation scheme using MS quark masses and z = m 
The quoted central value corresponds to f Bs = 231 MeV and B Bs = 0.841 (see Ref. [4] ). Often ∆M SM s is expressed in terms of the scheme-independent parameter B Bs and B Bs = 0.841 translates to B Bs = 1.281.
We finally discuss the width difference between the CP eigenstates defined as
The width of the CP-even state exceeds that of the CP-odd state by 
On the experimental side we have the Belle measurement [15] ∆Γ CP Γ s = 0.147 
Average B s width
We define
Any decay 
Bs M Bs . The other diagrams [21] essentially only contribute to τ Bs , but involve small coefficients or a factor of α s (m b ). Since moreover WA diagrams are individually small, |τ Bs /τ B d − 1| has been estimated to be of order 0.01 or smaller by several authors [19, 20, 5, 21] . (There is also a contribution to τ Bs /τ B d from SU(3) F violation in the kineticenergy and chromomagnetic operators, which is of order 10 −3 and negligible [5] .) The theory prediction involves four hadronic parameters [20] , B 1 , B 2 , ǫ 1 and ǫ 2 , which are multiplied by the B s meson decay constant f Bs , and further the ratio f Bs /f B d = 1.209 ± 0.007 ± 0.023 [4, 22] .
We find
Using the results of the quenched lattice-QCD calculation for B 1,2 and ǫ 1,2 of Ref. We can improve our prediction by using the information of the lifetime difference between B + and B d meson, which involves the same hadronic parameters, up to SU(3) F corrections. Adding 1/m b corrections to the prediction in Ref. [9] and using 
blue region) derived with the decade-old hadronic parameters of Ref. [24] barely overlaps with the experimental 3σ region (red region to the right). This shows the importance of a modern lattice calculation of these parameters.
the input parameters of Ref. [4] we obtain
The last term are the 1/m b corrections calculated in the vacuum saturation approximation. With the hadronic parameters of Ref. [24] quoted above we correlate τ Bs /τ B d with τ B + /τ B d in Fig. 2 
New physics in B−B mixing
New physics in B−B mixing can be parametrised in terms of the complex parameters ∆ d and ∆ s defined as [2] 
The average of the DØ [1] and CDF [26] measurements of A SL , Here we briefly report on our analysis with the CKMfitter collaboration, restricting ourselves to the first of three studied scenarios, and refer to Ref. [4] for details. This scenario treats ∆ d and ∆ s as independent quantities. The fit results are shown in Fig. 3 . The tension on the SM seen in ∆ d = 1 is driven by several BaBar and Belle measurements [27] 
The different determinations of |V ub | ∝ ρ 2 + η 2 are consistent with each other, but the corresponding best-fit region in the (ρ, η) plane is not spiked by the ray stemming from β ≃ 21
• measured through A 
In the literature numerous extensions of the Standard Model are discussed to explain this difference, see e.g. [4, 28] and references therein. In conclusion we have updated several theory predictions related to B meson lifetimes and B−B mixing quantities. We have further briefly discussed the essential results of our study with the CKMFitter group [4] , which has found evidence of physics beyond the SM in B−B mixing.
Appendix: Theory errors
In this appendix we give a detailed list of the different sources of the theoretical error for observables in the B s mixing system. We compare this numbers with the corresponding ones from Ref. [2] , but slightly proceed in a different way: In accordance with Ref. [4] we use the MS scheme for m b , while in [2] we were using in addition the pole scheme and our numbers and errors were averages of these two quark mass schemes. The numerical values and uncertainties of the input parameters are taken from Table 6 and Table 7 of Reference [4] . Contrary to Ref. [4] we do not use the Rfit method for the statistical analysis in these proceedings, instead we simply add different uncertainties in quadrature. 
For the CKM angle γ we do not use the direct measurement given in Table 6 of Ref. [4] , but instead the direct bounds on α exp and β exp from the same table:
In this way we find a precise value for γ from which new physics in B−B mixing drops out. New physics can only change the value in Eq. (26) through novel electroweak b → d penguin effects, which stay within the quoted error in all plausible models. We calculate the CKM elements using V us , V cb , |V ub /V cb | and γ as inputs. 
For the decay rate difference we also find a strong reduction of the overall error from 40.5% in 2006 to 24.5%. This is again due to our more precise knowledge of the decay constant and the bag parameter B Bs . However, in the MS-scheme for the quark masses also the renormalisation-scale dependence is reduced. It is interesting to note that now the dominant uncertainty stems from the value of the matrix element of the power-suppressed operatorR 2 parametrised by BR 2 .
Next we discuss the ratio of ∆Γ 
